The objective of this study was the assessment of clinical results after sprayed application of cultured epithelial autograft (CEA) suspensions onto deep dermal burn wounds of the face and neck.
T he application of cultured epithelial autografts (CEA) enables reconstruction of skin even in burn victims with large total body surface area (TBSA) burns since the late 70s and early 80s of the last century. [1] [2] [3] A skin biopsy is sent to a specialized laboratory within few hours after burn injury in the ideal case. This procedure facilitates early in vitro skin cell expansion. Simultaneously, the patients undergo intensive care therapy for burn shock, burn wound excision, and wound preparation for CEA delivery. In practice, CEA are available after 7 to 14 days, depending on the cell expansion behavior in the laboratory and the body surface area to be covered. CEA are delivered traditionally on silicon carrier sheets. New methods to produce CEA cell suspensions have been introduced recently. 4 These suspensions can be sprayed onto burn wounds using special spray devices and spray nozzles facilitating an even distribution of CEA over the wounds. [4] [5] [6] The Berlin research program Hybrid Tissue Technology in Burn Treatment and Transplantation Medicine was performed in collaboration between the Charité, Campus Virchow-Clinic, Department of Surgery and the Trauma Hospital (Unfallkrankenhaus) Berlin, Burn Center/Department for Plastic Surgery. The development of a technology for production of cell suspensions and of spray devices for cell application was part of the program.
The objective of this study is the assessment of clinical results after sprayed application of CEA suspensions onto deep dermal burn wounds of the face and neck.
PATIENTS AND METHODS
The study was approved by the ethics board of the Charité as a part of the Berlin research program Hybrid Tissue Technology in Burn Treatment and Transplantation Medicine, and it was supported by a grant of the European Fond for Regional Development (EFRE). Additionally, informed consent was obtained from the patients or their official guardians for each surgical procedure and the use of sprayed CEA suspensions.
Patients
Nineteen patients at the age of 15 to 84 years (mean: 42.3 years, median: 38 years) were included into a prospective study between January 2004 and December 2005. Fifteen patients were male and 4 female. The average TBSA burn was 15.1% (7%-46%; median: 13%). The average Abbreviated Burn Severity Index (ABSI) was 6.7 points (4 -12 points; median: 7 points). The application of sprayed CEA suspension was performed onto an average body surface area of 2% (0.5%-5%; median: 2%).
The burn depth of the CEA-treated facial and neck regions was deep dermal in all cases. The data for each patient are shown in Table 1 . The average interval between trauma and CEA suspensions application was 12.3 days (8 -18 days) after injury. The burn wounds were prepared by enzymatic debridement using collagenase-consisting cream during the days before CEA suspension delivery and by sharp surgical spoons briefly before spray application at the day of surgery.
Thirteen patients were recruited for clinical follow-up after an average of 10 months (3-18 months). The Vancouver Scar Scale 7 and the Donnersmarck and Hörbrand score 8 were used for burn scar assessment at follow-up.
Production of CEA suspension
A split-thickness (0.2 mm) skin biopsy of 4 ϫ 4 cm was taken from a nonburned area using a dermatome. If not otherwise indicated, all materials were supplied by Biochrom, Berlin, Germany. Separation from epidermis and dermis was achieved by means of a 16-hour treatment with dispase (Roche Diagnostics, Mannheim, Germany) in phosphatebuffered saline. Keratinocytes were obtained from epidermis by using 0.05% trypsin/0.02% EDTA solution. Keratinocytes were cultivated in serum-free culture medium in 25-cm 2 culture flasks (BD Biosciences, Bedford) and seeded at 5 ϫ 10 3 cells/cm 2 . After the cells reached 70%-80% confluence (end of passage 0), keratinocytes were detached with 0.25% trypsin/0.02% EDTA solution and subcultivated in serumfree medium (passage 1) until passage 3. The cells were counted before and after passaging using an improved Neubauer hemocytometer (Merck, Darmstadt, Germany). The CEA can be sprayed onto burn wounds as a suspension in culture medium at the end of each passage using our special spraying device.
An average of 3.9 Ϯ 4.8 (range, 0.35-14) million cells was applied onto the wounds of the patients of the study population. Sixteen patients received the cells after passage 1 and 3 after passage 2.
Cell Spray Device
The spray device was developed and built as a prototype by the study group. It consists of a base unit and a handgrip with spray nozzle (Fig. 1) . A 1-or 2-mL syringe is fixed onto the slide of the handgrip to adjust the fluid flow (mL/min) of the cell suspension. An additional pump inside the base unit is connected via a pressure tube with the handgrip. The airflow (L/min) generated by the pump is compacted by the spray nozzle. An airflow of 3.7 L/min and a fluid flow of 4.2 mL/min was used for all clinical applications. Preliminary data from our laboratory demonstrated that this adjustment results in a spray pressure of 8.2 mm Hg. This 
RESULTS
No adverse events were observed after CEA suspension application. The 13 patients with follow-up presented with an average Vancouver Scar Scale score of 2.4 Ϯ 2.2 points (range, 0 -8 points) and an average Donnersmarck and Hörbrand score of 9.3 Ϯ 6.8 points (range, 0 -22). Four patients had less than 9 months' follow-up. Excluding these patients from the analysis resulted in an average Vancouver Scar Scale score of 1.3 Ϯ 0.9 points (range, 0 -3 points) and an average Donnersmarck and Hörbrand score of 8.0 Ϯ 7.4 points (range, 0 -22) for the remaining 9 patients ( Table 2 ).
DISCUSSION
Deep dermal burns of the face and neck are traditionally treated by tangential excision and full-or split-thickness skin grafting. Both usually lead to unsightly scar formation and a mismatch in pigmentation compared with the nonburned or more superficially burned areas of the face and neck. Waiting for spontaneous wound healing represents another alternative. However, in those patients with deep facial burns that require prolonged periods for spontaneous wound healing, tangential excision of the wound and resurfacing with skin grafts appear to give better cosmetic results than conservative management, with no greater incidence of functional complications. 9 Both, skin grafting and spontaneous wound healing of deep dermal burns lead to scarring and disfigurement. Burn injuries of the face often have a deleterious effect on the psychologic and functional well-being of the patient. Even when no skin grafting is performed, there seems to be significant deterioration of the physical and emotional function of adults after they have incurred partial-thickness burns of the face. 10 Our data show that enzymatic and careful surgical debridement and consecutive application of CEA suspensions using a spray technique results in excellent cosmetic outcomes ( Fig. 2) compared with our experiences with any other method. The follow-up in our series is still short. Taking into consideration that burn scars generally improve over time, it can be expected that the longer-term results will be even better. Our data are still of preliminary character since the study was performed without a control group. However, we refuse to perform a prospective randomized study with groups in which traditional skin grafting and/or wound healing are still applied for the therapy for deep dermal burns due to the excellent results in our study. The method of CEA spray application has become our standard of care for these indications. The faster wound closure, the promotion of spontaneous wound healing by keratinocyte application, as well as the preservation of donor sites are further advantages of the method. 11, 12 
